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COMPLETE SPECIFICATION 

Production of S-Oyano-3,5,5-TrimethyI-l-Cyclohexatione 

We, Scholven-Chemib Artibkgeseluchaft, a German Body Corpoiate of 
DocBtcner Strasse 227, GcIsenMrchen-Buer, Germany, do hereby dedarc the invention, 
for which we pray that a patent may be granted to us, and the mediod by which it 
e " to be peifomied, to be particularly described in and by the following statement: — 
5 This invention relates to a process and annar»t«c — ■» 
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. . . ■ -~.W4«, i» aucica mereto. The speed 

~ r*. «y"w>n JS legmated in such manner as to maintain constant reaction conditions 
and iQniiroc^ic aad conoentraoon. Temperatures outside the range specified above 

30 produce msigmficant or undesirable results. The reactiom may be peafonned in the 
IMiesence of a sttongly polar solvent. S-cyano-S^^-trimethyl-l-cydohejomone is thus 
obtained with, for example^ a yidd of crude product of 70J% of tfaeoiwicaL from 
isophorone and hydrocyarac aad m dimethylacetamidc and in the nreseott ofl 1?% 
by vreight of jpotassium carbonate at 160 — 175°C 

35 Finally it is faiown tiiat a nurture of isophorone and hydrocyanic add mav be 

d»^ over an alkalme catalyst placed on solid carrier substanc^, the hydroc^nic 
• t.*^^ employed m a quanutr is^uch does not exceed approrimatelv 10% bv 
weight of -die total mixture broi^t into operation. Hus full/ continuous solLd-bed 

40 KmY^^^cy^r90'%^^ ^'""^ °^ ^'"^ dihydro-isophoiSe^rbonic 

It has now been found that it is possible to produce 3-cyano-3,5,5-trimeihyI-l- 
cycionexanone with very High yields, i^. over 95%, vdth shwt reaction oeriods and 
largely ayoidmg secondary reacuons, by lowering the content of alkaline catalrct of 
the reacoon mucture as compared to previous suggestions, i.e. the catalyst is em^oyed 
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COMPLETE SPECIFICATION 

Production of S-CyaAo-SA£^l^FSmetiiyl-l<;y<dohexa^ 

We, Soiolvem-Chemie AKTiENGBSELLSCHAFTy a Gennan Body CoipoisG^ of 
Dorsteoer Strasse 227, Gdsenkixdien-Buer, Gennany^, do hereby dedare the inventiosij 
for which we pray tfet a patent may be granted to us, and ti^ method by whidi it 
is to be performed, to be particularly described in and by the following statBment: — 
5 This invention itlates to a process and apparatus for the prodncdon of 3*cyano-» 5 

335»5,-trimediyl--l-cydobexanone. 

It is known that 3-cyiano-3,5j5-trinaediyl-l-cydohexan(HiB may be produced by 
j^eacdng isophoorone and hydrocyanic add in the presence of strongly alkaline catalysts 
to form cyanide iona. 

10 It was suggested originally that a mi3cture of equimolar quantities of hydrocyanic 10 

add, isophorone, sodium cjranide and sodium acetate in aqueous-msthanolic solution 
be allowed to stand at room temperature for several days. After disdllative ptwessing, 
the 3<:yano-3,5,5-trimethyl-l-cydohes:anone was obtained in a yield of 79%^ wilh an 
isophorone conveision of ^5t%. It is evident that a tedmigue of this nature cannot be 

15 coalsidered^ for a technologiced jwrocess. Equally, suggestions to react isophorone and 15 
hydrocyanic add in the presence of D.l mol of sodium cyanide per msA of ist^hoiane 
in aqueous-methanolic solution at temperatures between 45°C and and reacdon 
peric^s of 10 to 20 hour% by doing which yields of between 75 and 95% are d>tamed, 
ate made for the laboratory scale <uily. 

20 ^ According to another known suggesdon, the conversion ctf alicydic oleimic ketones 20 
into the corresponding alicydLic cyano kemrm is perfiormed whhin a susbtantially 
Ugher temperature rang^ Le. between 125 and 275°Q preferably between 150 and 
225*^^ The reaction oomrs in the presence of strong allmline catalysts forming 
cyanide ions, which must be added in quantities of between 0.1 and 20% by wei^t 

25 of the total weight of the reactants. This process is preferably perf onned intermittenriy, 25 
a part only of the ketone being initially diarged to a heatabfe container together widx 
the catalyst. A naixture of hydrocyanic add and ketone is added thereto. The speed 
of its addition is regulated in sudi manner as to maintain constant reaction conditions 
and hydrocyanic add concentration. Temperatures outside the range ^jedfied above 

30 produce insignificant or undesirable results. The reaction may be performed in the 30 
presence of a strongly palar solvent. 3-cyano-3,5,5-trimethyl-l-cydQhexanone is thus 
obtained with^ for example, a j-idd of crude product of 70.5% of tiieoretical, from 
isophorone and hydrocyanic add in dimetfaylacetamide and in the presence of 1.15% 
by wei|Jit of po^ssium carbonate at 160 — 175 °C, 

35 Finally it is known that a mixture of isophorone and hydrocyanic acid may be 35 

ducted over an alkaline catalyst placed on solid carrier substances, the hydrocyanic 
acid being employed in a quantity which does not exceed approximately 10% by 
weight of the total mixture brought into operation. This fully contixniou8> solid-bed 
process, whidi operates at 50 to 350^C, allows of yields of dihydro-isophoroneKaufoonic 

40 add-nitrile exceeding 90%, 

It has now been found that it is possible to produce 3-cyBno^,5,5-tzimethyl*l-^ 
cydohexanone with very high yidds, i.e. over 95%. with short reaction periods and 
largdy ayoiduig seomdary reactions, by lowering the content of ^kalme catalyst of 
diergction mixture as compared to previous suggestions, i.e. the catalyst is employed 
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IflTqi^^es of less than apprnximately 10-^ to app^Hately 10-» by weigjtt <rf 
tbe reaction mixture. 

Aocordingly, the present invention provides a process for the pipduciion of 3- 
cyano-3^,5-triiiieihyl-l-cyclohcxanone comprising the step of reacting isopfaorone and 
hydrocyanic acid at a tem|>erature between approximately 80 and 250®C in the pzcsenoe 
of an alkaline catalyst present in an amount of approximately 10"^ to 10~^% by 
weight of the reaction mixture. 

Apart from the fact that low alkaline concentration reduces the risk of hydro- 
cyanic add polymerisation, other secondary reactions are also prevented Depending on 
temperature, isophorone forms different condensation or addition products m the 
presence of alkaline substances. Isophorone is converted, for example, at temperatures 
CT^^mg 80^C and at higher alkaline concentrations, into a hydroxy ketone of the 
formula: 

CHs 




OH 
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15 This di-isophorone may however also be formed v^rith yidds of up to 30% at lower 15 
alkaline concentration, e.g. of 0.1 ?o by weight in the conditions required for leacticm 
with hydrocyanic acfd. During batch reactions of isophorone and hydrocyanic aod 
it is appropriate therefore, to add a quantity of hydrocyanic acid equivalent to the 
alkaline substance after the addition of catalyse even for the low alkaline contents 

20 in each charge suggested herein, before heatipg to the reaction temperature, in order 
to discourage the secondary reactions with isophomie even further. Such measures 
are sup^ifluous in continuous operation* 

The reaction may be performed in the presence of solvents. Another adv^tage 
of the present invention however resides in that homogeneity of the reaction mixture 

25 is assured at all rimes even in the absence of a solvent, at the low catalyst concentra- ^ 
dons suggestedL^ which is of particular importance for continuous performance of the 
imcess. At higher catalyst ccncentrations, a homogeneous mixture can be obtained 
only by flHHiHnn of a solvent or mixture of solvents. If one omits the addition rf 
a solvent, one obtams — in the cases last referred — active centres of high alkalinity 

30 on the surface of the undissolved cyanides, which in particular are responsibile for the 30 
undesirable secondary reactions already mentioned above. One may if necessary employ 
a mdlai excess of isophorone, to act as a sohrent. 

For reasons of stability, the isophorone usiml in the trade contains up to 10% 
of the isomeric beta-isophorone (3,5,5-trimeih3dcydohex-3-ens-l-<Mie). B^juilibrhim 

35 is established very quickly in the pressnoe of alkaline substanoes at hi^er temperatures, 35 
so that the beta-isophorone portion is also convened imo the 3-cyano-3,S,5-trimethylf- 
cyclohexanone by reaaion with hydrocyanic acid. It was found that a converrion ot 
the beta-isophorone is also acconqjlisbed with the quantities of catalyst suggested 
herein, 

40 The temperatures required for the reaction lie between approximately 80 and ^ 

250^ preferably between approximately 110 and 200°C The process may be jper^ 
formed under normal pressure, raised cr lowered pressure, with approximately identical 
yields. A negative pressure is frequentlv applied for hydrocyanic add conversions. If 
an av«: pressuie is desired, it is advisable to gwsraxc the same by means of an inert 

45 ga% for example, introgen. 45 
All alkaline substanoes which form cyanide ions with hydrocyanic acid in tiie condw 
tions of die reaction are fundamentally suitable as catalysis. Alkali metal cyanides, 
hydroxides and alcoholates are parriculariy suitable. By virtue of the homogeneity of 
the reaction mixture obtained with the present invention, the process is particularly 

50 appropriate for continuous operatioiL Tlie accompanying drawing which is a flow 50 
diagram shows a plant in which a process according to the invention may be con- 
tinuously performed. . 

Isophorone and l^drocyanic acid are pumped mto a reactor Kl from storage 
tanks A and B. A solution of 1?^^ of ethyl sodium in isophorone is added by metering 
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at the same d^^^m a storage tank C The molar I ^Bfil ji iim, iiLjd 

and isophorone prefcraHy does not exceed 1. The hydrocyanic acid is advantagBonsh' 
added at moderate qjeed. The HCN coEncentration of the reaction mizture in tte 
reactor R I prefetaWy does not exceed 5 s./litre. For operation under Taaxam or 

3 under normal pressme, it is advantageous to equip the reaoor R I with: a xeflrax 
condenser, through which is fed in the isophotone which drips down in counteiflow 
to tte riamg vapours and thus prevents entraimoent of hydrocyanic add. Corresponding 
to tiie quantities punqied in, reaction mfartone is continually drawn off thtx)uEh the 
senes-monnted subsidiary reactors R II and R III, whose gbs spaces should not be 

10 m commjunication. with that of the reactor R I^ and conveyed to the scrubbing 
cohmm w . 

An add aqueous sohitaon, e.g. 0.5 to 1;% HNO, sohirion flows therein in counter- 
flow to the reaction product fed in at the foot, washing out the alkaline catalyst To 
enhance the effectiveness of the scrubbing action, the scrubbmg tower may te Imed 

15 and/or be arranged as a pulsmg column. The organic phase issuing from the head of 15 
tte scrubbing tower is divided into three fractions in the disdHation cohmms K I to 
K in, the taction from column I, bemg an xsophorone^water mixture being returned 
to tiie scrubbing tower W, and the fraction from column II, bemg the csxess of 
isophomne, being conveyed to the reactor R I through the storage tank A. Pure 3-CTano. 

20 3,5,5-tnmethyi-l-cydohexanone is obtained at the head of tii^ oo 
The keto-nitrile obtained according to the invention may be emptoyed for the 
pnxiuction of diamines and amino-alcohob used for plastics. 

^Kn^^^^^i^**^ lavc^on may be mxm deazfy understood some preferred 
embodmieDtB thereof are now described, by my of example only. 

^ * , , Examples. 

1- Intermittent o^iMon, " 

50 Htra j^isophorone, 20 ml. of hydrocyanic add and 280 ml, of a 15% 
metfaanaBc NaOH solution, were placed in a 100 litres reactor equipped with stirring 
aitti ventu^ devices. The reactor was heated to 1500C and 12^ KtS of hvdrocvank 

30 aad wwe fed m grad^y over 4 hoars. After a subsidiary reaction period of hif an 30 
liour, the reaction product was pimped through a scrut^g tower filled with 0^65;% 
nitric aad, from whidi it was ducted to a distiUatiDn ccdumn. Apart from 103 
£ uiKMiiverted isophorone, the disrillation provided 51.7 I^. of 3K:yano-3i!5- 

and 1.6 1^ of residue. This corres^mded tTv^dd of 
^fecT^ converted isophorone, and of 97-9%, rdated to I^drocya^acS 35 

2» Continuous operation. 

in ^ ^iwi^ af isophorune and 8,0 litres of a mhcture of 21^ Uties isophorone and 
10^ htres of hydrocyanic aad were pumped per hour mto the reacted R I in the 

^ capadty of lOQ litres and mamtamed at a temp^tS 40 

In iTL*^-^\*^ a, B and CL One htre of a sohition of L22 g; ethyl sodium 
f .^w^ljf^^°''''^ ii^^^'^^^^^^y ^ P«r hour. Tbis corresponded to 
rT^^ a^H^ii^'^if^^'^. by TOght After passage through the^ reactS 
^i'^A rJL^™ ?J 4 hours, the reaction product passed through the 

^In5 .f^K R n and R HI so as to have a WdSy^tSn 45 

p^iod of 1 houn The reacdcm misrtnre was thereafter pssed into the^Sp rf^ 
counteflow to a D.65.% nitric add^e oi?aS S 5uSj 
from the head of the scrubbing tower was separated in the disrilLion o^umn Kl 
mto a smnp product and an isophorxme-water^loixture^ the la^^g^Sd to 

^ K^mSS^ J*\f ^ ^ ^arSed hx the cSJTh aS 50 
iswAorone^ 3K7ano-3,5,5-trimethyl.l^cydohexaoone and residue 
\^ <tf isopliorone were obtained per hour at the head of the colmnn K H 

WHA.T WE <XA1M IS : — 

5;/^!^/" 2f P^<^"«i"^ of 3wgrano-3,5^-trimethyl.l-cycloh«Hnone coat- 
pnsing the sopot reactmg laophorane aad faydrocyanic add at a tranpa^beta^ 
appnnan^tdy 80° and 2500C in die presence of an Sue caSrSSLttS^ «o 
amoimt of approximately 10- to 1CM^% by weight of the leacti^^SSS ^ 



A iHrooffls according to Oann A wJieiem iL^iction is perfonned wiA a 



llL^°SSg to any of the preceding Claims. ^.*e leacd^x is a 
batti r^cSi additionany comprising the steps of adding an additional quantiiy of 

'^^SsTi1&V^dtc^^^3,5>trimed.yl-l^^^^ 3^ 

stanridly as heieinbefore described in the fbi^oingE^ ^ j t, ^ «rT,o^ in 

7. 3<yaiii>-3^,S-triirieth^-l-cyclohexanone whenever produced by a process 10 

^^^^ATSpsm^ST^ process acco^di^g to any ^ ^. J 

constmlted ^Irranged to opSate sabstantiafly as herembefoie described witfa 
referaice to the accompanying drawing.^^ 

PAGE, WHITE & FARRER, 
Chartered Patent Agents, 
27, C3iancery Lane, ILondon, 
Agwcs for the Appficants. 

Leamington Spa: Tt^xsd for Her Majesty-* Statione^ Office, by the Couner Press 
cSa^^) Ltd.— 196<5. Published by The Patent Office, 25 Southamrton Buildings, 
^ London, from whidi copies may be obtamed. 
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